To develop a host-vector system in streptomycetes for DNA cloning, we examined the technical problems encountered and the conditions required for use of Streptomyces kasugaensis MB273 as the host. Basic techniques, such as plasmid DNA isolation, regeneration of mycelia from protoplasts and elimination of plasmids from cells were investigated. These techniques were found to be useful for many streptomycetes. Strain M518, a derivative of S. kasugaensis MB273, was found to have the following useful characteristics as a host. The plasmids of MB273 were easily cured by regeneration of mycelia from protoplasts. The protoplasts prepared from M518 regenerated mycelia at high frequency using an improved method and were efficiently transformed by plasmid DNA. The extra and intra cellular DNase activities were very weak, and no restriction endonuclease activity was detected. The sensitivity to various antibiotics was determined. This strain did not show any pathogenicity in mice nor suvival in the digestive organs of rats. MB273 and its derivatives died rather quickly in natural soil. M518 still forms aerial mycelial conidia. These results indicate that S. kasugaensis M518, derived from MB273, has useful characteristics as a host for DNA cloning. The techniques thus developed were found to be useful in other streptomycetes.
A simple method
for the extraction of plasmids.
2. A method for curing the plasmids carried in the potential host.
3. Transformation 1) A method for regenerating mycelia from protoplasts.
2) Selection of a host strain which has no or very weak extracellular DNase activity.
3) Preparation of protoplasts which are not easily broken and from which chromosomal DNA is not released.
4)
A procedure for transformation of protoplasts by plasmid DNA. 4 . Selection of a host strain which has little or no restriction endonuclease activity.
5. Selection of a host strain which has no extracellular protease activity.
6. Determination of sensitivity and resistance to various antibiotics.
7.
No pathogenicity of the host strain.
8. No growth of the host strain in the digestive organs of animals.
9.
The formation of aerial mycelial conidia by the host strain.
10. Recis preferable. Both strains produce kasugamycin and aureothricin. The MB273 series was used in our study because this strain has better sporulation properties than M338, and its plasmid DNA is easier to isolate.
The characteristics of various mutants derived from MB273 are shown in Table 1 . A spontaneous mutant, 18a, was isolated from strain MB273. It was found to have a pleiotropic mutation (Amy-, Arg-, Atp-), and it contained very small amounts of pSK1 and pSK2 but a large amount of pSK3. Protoplasts of 18a were prepared and incubated on R3 medium8). Regeneration from the protoplasts occurred at a frequency of more than 90%. Unexpectedly, more than 40% of the regenerated colonies had lost the pleiotropic mutation found in strain 18a, and moreover, about half of them had lost all three kinds of plasmids. No integration of plasmids pSK1 and pSK2 into the chromosome could be detected9) by Southern blotting experiments. The protoplast regeneration thus caused not only plasmid curing but also variations in the copy number of plasmids1° 'i) Curing by protoplast regeneration has been reported independently by HOPWOOD12) using S. coelicolor A3(2). According to a personal communication from VINING, the plasmid found in Streptomyces sp. 13a, a chloramphenicol producer, was also cured by using this regeneration procedure; this curing method may be of general use in the genus Streptomyces. hours and 26 hours in GPYG medium. Ca. 1.2 g wet weight of mycelia was suspended in 6 ml of buffer (50 mm tris-HCl, 5 mtvi MgCl2, 0.2 mm EDTA and 5 mM 2-mercaptoethanol), and sonicated 10 times at 20 KHz for 30 seconds in the cold. After centrifugation at 80,000 x g for 60 minutes, 5 % streptomycin sulfate solution was added to the supernatant solution to give a final concentration of 1 %. This was centrifuged at 9,000 x g for 20 minutes, followed by dialysis against the buffer mentioned above. Protein content of specimens was adjusted to give 4.2 mg/ml with the buffer. The reaction mixture to detect DNase and restriction endonuclease consisted of 10 Id of cell-free extract, 2 Etl of restriction buffer (x 10), 2 «l of 2DNA solution (OD260 5.0) and 6 fl of distilled water. After incubation at 37°C for 1 hour, 5 i11 of halting solution was added and heated at 65°C for 7 minutes. The mixture was submitted to agarose gel electrophoresis. An appropriate amount of OK1-containing filtrate and 2 ml of a host culture were inoculated into 100 ml of AC medium (1.0 % glucose, 1.0 % yeast extract and 0.73 % CaCl2.2H2O, pH 7.0) in a shaking flask and incubated at 27°C for 24 hours on a reciprocating shaker. The lysate obtained was centrifuged at 7,500 x g for 10 minutes to remove the cell debris and then the supernatant solution was filtered through a membrane filter having a 0.2 iim pore size. The same strain as the host used for propagation of the phage. The relative plaque-forming efficiency was assayed against three species as well as the mutants derived from S. kasugaensis MB273.
in S. kasugaensis, we measured the efficiency of plating (EOP) actinophage grown in different strains.
An actinophage, OK1, capable of infecting S. kasugaensis MB273 was isolated after testing 130 soil samples. As shown in Table 3 , OK1 (MB273) grown in strain MB273 as the host strain showed EOPs of 1.0, 7.7x 10-1 and 1.0 against S. kasugaensis MB273, M338 and MA350, respectively. 5K1(M338) grown in strain M338 showed EOPs of 1.0, 9.0 x 10-1 and 3.5 x 10-1 against M338, MB273 and MA350, respectively. OK1(MA350) grown in MA350 showed EOPs of 1.0, 1.5 and 1.4 against MA350, MB273 and M338, respectively. A slight variation in the EOP was also observed among the derivatives (18a, M518, G1 and G3) of MB273. The adsorption rate of the phage to the host cells was the same for MB do not exist in S. kasugaensis.
Leakage of Chromosomal DNA from Protoplasts
We have found that the presence of viscous chromosomal DNA in a protoplast suspension can interfere with the transformation of protoplasts by plasmid DNA. Therefore, we measured the free chromosomal DNA in a suspension of G3 protoplasts prepared for transformation experiments. DNase I was added at a concentration of 100 units/ml to a protoplast suspension (2 x 109/ml) in P medium, and this was incubated at 28°C for 10 minutes. After centrifugation, the ultraviolet absorption spectrum of the supernatant was measured using P medium as a reference. The values of OD260 and OD280 were 0.36 and 0.255, respectively, indicating the free nucleic acid at 18 ug/ml, and the free protein at 130 ug/ ml, at most. This concentration of nucleic acid did not interfere with plasmid transformation.
Transformation of Protoplasts
The transformation system reported by BIBB et al.14), combined KOMANO'S transformation method15) using polyethyleneglycol for E. coli and our regeneration method13) for streptomycete protoplasts. This system has been successfully used to transform protoplasts prepared from S. coelicolor1,2.14), S. lividans 663,16) and S. parvulus14). We confirmed that it was also useful for S. kasugaensis, but that polyethyleneglycol 4000 was always more effective than polyethyleneglycol 1000.
Extracellular Protease
When we attempt to produce a protein significantly different from those of the host by recombinant DNA technology, protease activity in the host may prevent the accumulation of the foreign protein.
Extracellular protease activity in strain M518 was very low or non-existent; liquefaction of gelatin and coagulation or peptonization of milk casein were not detected.
Sensitivity to Various Antibiotics
The sensitivity of a host to various antibiotics should be determined for the selection of an appropriate vector or for convenient identification of the host strain. The sensitivity test was carried out using the sensitivity discs widely employed in hospitals. As shown in Table 4 , the derivatives, M518 and G3, showed a similar pattern of sensitivity, but C401, selected as a mutant highly sensitive to chloramphenicol, was somewhat more sensitive to various antibiotics. Generally, S. kasugaensis M518 and its derivatives were resistant to the penicillin group, the cephem group, paromomycin, neomycin, ribostamycin, colistin and polymyxin, sensitive to streptomycin, kanamycin A, kanamycin B, gentamicin, dibekacin, tobramycin, the tetracycline group, the macrolide group, lincomycin, novobiocin and mikamycin, and very sensitive to josamycin and clindamycin. Mutations conferring antibiotic resistance or nutritional requirements and their back mutations often accompanied regeneration from the protoplasts.
However, these antibiotic resistance and nutritional requirements were stable in the normal intact mycelia and the strains already regenerated from protoplasts. Since these phenomena produce ambiguous problems, it is best to avoid using such unstable characteristics as markers in DNA cloning experiments . Pathogenicity S. kasugaensis M338 has been used to produce about 100 tons of kasugamycin every year in several factories. In the last 12 years, the workers coming into contact with this strain never reported health problems that could be associated with S. kasugaensis.
The potential virulence of strain M518 was examined by injection intravenously into mice (Table 5 ). 0.1 ml of the suspension, which contained 1.0 g of fecal specimen in MS solution (10 ml), was spread on the agar plate and incubated at 28°C for 3 days, followed by counting the colonies grown.
Results
No colonies of M518 were detected from all of the fecal specimens on Days 1, 3, 7 and 14 after administration.
Forty mice were employed and separated into 2 groups: one was used without injection of cortisone and the other was treated with cortisone in advance. 1 x 107 CFU of a fresh culture of M518 was injected to half of the mice in each group. Both with and without the cortisone treatment, all mice survived on the 28th day without any toxic signs after injection of M518. The body weights between the control and the M518-injected mice were not significantly different, with or without the cortisone treatment (Figs. 3 and 4).
Survival in Digestive Organs
The survival of M518 in the digestive organs of rats was examined (Table 6 ). Freshly grown 1 x 109 CFU of strain M518 were administrated orally to each of 6 rats. The culture medium used for counting viable cells contained ampicillin and tetracycline to select for strain M518. The viable count in the feces was made as described in Table 6 . No colonies of M518 were detected from any of the fecal specimens. These results indicate that M518 is rapidly eradicated from the digestive organs of rats.
Survival in Soil
The habitat of most streptomycetes is the soil. Strain M518 is non-pathogenic but it is also highly desirable that the organism should not remain viable in soil for a long period of time. Therefore, the survival of 3 strains (MB273, M518 and G3) in natural farm soil and in barren soil was examined. To 1g of soil sample, 107 CFU of mycelia were inoculated and incubated at 20°C at 100% humidity. In the nutritionally rich farm soil, the survival of strain MB273, carrying plasmids showed a rapid decline, but the plasmid-free strain M518 and its nutritional mutant, G3, showed a slow decline (Fig. 5A ). In the barren soil, MB273 showed a rapid decline; the decline for M518 was slow, as in the farm soil, but Time (days) mutant G3 displayed a rapid decline different from that in the farm soil (Fig. 5B) . Nevertheless, after 3 weeks, even strain M518 decreased to less than 10-3.
Conclusion
In Table 7 , the experimental results on the characteristics of S. kasugaensis M518 as a DNA cloning host are summarized. From these results, it can be concluded that S. kasugaensis strain M518, derived Accordingly, the formation of conidia of M518 is useful for genetic analysis. Biological containment would be compromised if the host's conidia possessed heat resistance.
However, the conidia of mutant M518 died rapidly, decreasing by 10-6 at 60°C for 10 minutes and less than 10-8 at 60°C for 20 minutes. Unlike spores of Bacillus subtilis, the conidia of M518 are, therefore, heat susceptible.
